This study examines the influence of physician networks on the utilization of computers in clinical practice. Data on patient referrals, consultations, professional discussions, and on-call coverage were collected from 24 physicians who comprise a private group practice. Their utilization of a computerized hospital medical information system (HIS) in caring for patients admitted to a 1160-bed private, university affiliated, teaching hospital was determined. A matrix representing the professional relations among these physicians was subjected to smallest space analysis, a form of multidimensional scaling. Also, a number of indices that describe structural and interactional properties of the network and individual physicians were computed. The three-dimensional representation of the network that resulted from the analysis suggests a two-step process of adoption and utilization of medical technology. Physicians who were engaged in outside professional activities and in the training of medical students and house staff were more likely to utilize the system in caring for patients. These physicians, who were more centrally located and dominant in the referral and consultation process, were more likely to influence the practice patterns of their colleagues. The use of network analysis to identify influential physicians Whose involvement is essential to the success of efforts aimed at introducing computers into clinical practice is discussed.
Introduction
Two recent editorials in the Journal of the Royal Society of Medicine (Blackburn 1981 , Jay & Anderson 1982 pointed out that while advances in computer technology have set the stage' for SUbstantial advances in health care, computers have had only a limited impact on physicians" clinical practice. Many of the systems developed to assist the physician are impressive technologically (US Department of Health and Human Services 1980). In the US. large-scale federal support has resulted in the development of hospital (HIS) and ambulatory care medical information systems (COSTAR) that integrate financial and clinical patient data into one computerized data file. At the present time, clinical decision support systems are being developed that place a particular patient within a population context and/or provide the clinician with a set of decision rules (CARE, HELP, MEDIPHOR, MYCIN).
Physicians' acceptance of these clinical applications of computers, however, has been less than enthusiastic. Many clinicians view them as unnecessary, as primarily meeting the needs of administrators and business managers, and as requiring too much of their time in performing clerical functions (Lewis & Macks 1980) . Walker (l980) found limited acceptance ?f the Exeter system for recording and retrieving medical information four years after its Introduction in Scotland. Anderson et al. (1981) observed a similar low rate of physician utilization of a computerized hospital medical information system in the US.
Moreover. the process by which technological advances diffuse among physicians and IAceepted 22 September 1982 0141-0768/83/010045-08$01.00/0 become part of their medical practice is poorly understood. -On the basis of an extensive review of the literature, Greer (1981) concluded that studies to date have almost totally omitted the physician's role in the adoption and utilization of medical technology, even though physicians largely dominate such decisions. In addition, the limited knowledge about the diffusion of technology among physicians does not directly relate to computers. Factors that affect the adoption of a new drug or diagnostic procedure may differ from the determinants of a physician's use of the computer in clinical practice.
Studies of the diffusion of other types of innovations suggest a two-step process (Greer 1977 , Rogers & Shoemaker 1971 . The first step in the diffusion of an innovation occurs when certain influential individuals learn about and try a new approach. These early adopters are generally more involved with professionals and organizations outside their local group or community. Such involvement exposes them to information about new approaches and to the experience of others who have tried them.
By virtue of their involvement in professional organizations and their knowledge of the latest developments, these individuals are consulted and respected by their colleagues. From their central location within the local group, they influence others to adopt the innovation.
Evidence from one of the few diffusion studies of physicians supports this theory. Coleman et al. (1966) found that physicians who were frequently called on for advice were the first to adopt a new drug and that other physicians did not adopt the drug unless they came into contact with a colleague who had.
The present study examines physician utilization of a computerized hospital medical information system. The study was designed to investigate: (1) the structure of the interpersonal networks through which physicians exchange information about medical innovations and influence one another's practice behaviour; (2) the professional characteristics of physicians who are influential in affecting the clinical practice of colleagues through these networks. It was hypothesized that physicians who heavily utilized a computerized medical information system for clinical care would be more involved in professional activities outside their immediate practice, such as medical societies, hospital administrative positions, and the training of medical students and house staff. Such involvement exposes these physicians to information about the relative advantages and disadvantages of utilizing the computer for patient care. It was also hypothesized that the extent to which a physician used the medical information system would be related to his/her location in the professional network linking him/her to colleagues. It was predicted that the heaviest users of the computer would be located closer to the centre of the network and would have more frequent professional contacts with one another as well as with other members of their group; while non-users of the computer system would be located on the periphery of the network reflecting their more limited professional interaction with colleagues.
Data collection
This study was conducted in a 1160-bed private, university affiliated, teaching hospital in Indiana, USA. The hospital has a house staff of 150 interns, residents, and fellows. Approximately 250 third and fourth year medical students take clinical electives at this institution each year. A computerized medical information system, installed in 1977, permits users to enter, access, change and delete patient information at a terminal using either a keyboard or a light pen. Physicians can enter orders for care, medications, and laboratory tests; while nurses can receive orders, enter nursing notes, and confirm medications given. Admission clerks register patients, and pharmacy and laboratory personnel receive orders, enter test results, and fill perscriptions through terminals.
Data were collected from 24 physicians who comprise a private group practice that includes a number of subspecialties of internal medicine, e.g. cardiology, oncology, neurology, gastroenterology, nephrology, and infectious diseases. Most of the group's patients who require hospitalization are admitted to the hospital. After the nature and purpose of the study were explained, a standardized interview was conducted with each physician. The physician was asked to indicate how many times during the past six weeks he/she had: (1) referred a patient to, (2) consulted about a patient with, (3) discussed professional matters with, (4) taken calls for, each of the other physicians in the group. From these data, the matrix shown in Table 1 was constructed. It indicates the number of different types of professional contacts that occurred between two physicians during a six-week period of study. A zero indicates no professional contact during the six weeks; a four indicates that all four types of professional relations occurred between the two physicians.
For each physician the proportion of medical orders he/she entered directly through a terminal over a period of six days was computed. Information concerning the physician's age, specialty, number of patients admitted to the hospital over a six-month period and the number of house staff assigned to him/her for educational purposes also were obtained. The physician's professional involvement was coded into three categories: (0) no professional or administrative activities; (1) routine participation on hospital committees; (2) involvement as president of the medical staff, chairman of an important hospital committee, or a leadership position in an outside professional association such as the American Cancer Society.
Methods
Smallest space analysis, a form of multidimensional scaling, was used to analyse the structure of the network of professional relations among members of the group practice (Kruskal & Wish 1978) . This type of analysis has been widely applied to relational data in the social and psychological sciences. It permits the researcher to generate a spatial representation of the relationships among a group of individuals in order to identify the underlying structure of the data.
The matrix shown in Table 1 , which indicates the strength of the professional relationship between each pair of physicians, was used as input to the KYST multidimensional scaling 
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A measure of how well the spatial configuration fits the original data is computed and ranges from 0 to 1. The smaller the value, the better the fit to the original data. Also the structure of the professional network can be examined by identifying how physicians at opposite ends of each dimension differ from one another. This was done by applying regression analysis to a number of physician characteristics. Because of the exploratory nature of this study and the small sample size (n=24), results are reported for the 0.10 level of significance.
Several indices have been computed to describe structural and interactional characteristics of the physician network (Mitchel 1971) . Structural variables describe the pattern or distribution of points and linkages in the network. These include Adjacenc,;' Density, Range, and Structural Centrality. Adjacency Density is the number of dyadic relationships or linkages that exist in the network in proportion to the total number of. possible linkages. Range is the total number of physicians in direct contact with a particular physician. Structural Centrality describes the extent to which interactions in the professional network are centred around a few as opposed to many physicians.
A second set of indices describes the nature of the interactions among physicians such as content, intensity, direction, and frequency. For example, relationships among physicians within the group practice can be described in terms of the proportion of linkages which are Multiplex rather than Uniplex. Multiplex relations involve several different types of interactions between individuals rather than just one. A second index is the Relationship Density. This index is defined as the sum of all the different types of interactions a physician has, divided by the number of physicians with whom he/she has professional relations. A third index is the ratio of professional interactions in which a physician is involved that are initiated by him/her compared to those initiated by colleagues. A physician can be characterized as a Sender, Connector, or Receiver depending upon whether this ratio is greater than one, equal to one, or less than one, respectively. A fourth measure of the physician's role in the network is Dominance, or the proportion of the total number of professional interactions involving members of the group in which he/she is involved. Finally, two measures of a physician's professional relations with others outside the group were constructed. One was the extent of the physician's involvement in professional and/or administrative affairs. The other was the number of house staff assigned to the physician.
Results
Results from the multidimensional scaling program indicate that the physician network shown in Table I can be represented by three dimensions. The index which measures goodness of fit was 0.28 for three dimensions, 0.33 for two dimensions, and 0.52 for one dimension. Figure I shows the location of the 24 physicians in the space defined by the three dimensions.
The second·step in the analysis was to interpret the three dimensions by applying regression analysis to several physician characteristics. Each variable was regressed on the Cartesian coordinates that indicate the physician's position in the professional network. The results are shown in Table 2 .
The X-dimension separates high and low users of the hospital medical information system. Physicians who utilize the system most often for direct medical order entry are concentrated in the region around the negative X-axis (Physicians A, B, L, Q, R, U). Their proximity to one another indicates that physicians who freqently utilize the HIS in their practice are more likely to consult and refer patients to one another than to other physicians in the group.
The second dimension differentiates physicians by their degree of involvement in graduate medical education. Physicians with the greatest number of residents assigned to them for clinical training cluster in the region around the positive Y-axis. This suggests that these physicians have more frequent professional contacts with one another than with their colIeagues who are generalIy not involved in medical education. The third dimension reflects physician involvement in professional or administrative activities. Physicians located along the positive Z-axis are involved in professional medical associations or have assumed administrative responsibilities in the hospital. Their relative proximity to one another in the network indicates that these physicians have more frequent professional contacts with one another than with their colleagues who have little or no professional involvement outside their own private practice.
The clustering of high and low users of the computerized medical information system into relatively distinct regions suggests that the three-dimensional space that represents the professional network can be divided into two subgroups: a network of high HIS users and a network .of low and non-users of the computer system. Table 3 compares structural and interactional characteristics of these two networks.
High HIS users have more professional interactions with one another as well as with their other colleagues both inside and outside the group. The density of professional relations is significantly higher (P < 0.01) among these physicians, as is the range of relationships (P < 0.10). Significantly more of the high computer users are engaged in professional activities (P < 0.05) as well as in medical education, although the difference between the two groups of physicians in this last instance only approaches significance (P < 0.15).
The nature of the professional interactions among physicians who comprise these two groups differs as well. High users of the computer system have more multiple relations with colleagues. The proportion of Multiplex relationships is higher for this group as is the Relationship Density, although the differences between the groups on these two indices only approach significance. High users also initiate significantly more professional interactions (P < 0.05) and are more dominant in the network (P < 0.02) than low or non-users. Moreover, non-users of the system, as predicted, were generally located on the periphery of the professional network. Physicians N, 0, P, and V have never applied for computer codes. Their position in the three-dimensional space shown in Figure 1 indicates that these physicians have more limited professional contacts with their colleagues. This result is similar to the finding of Coleman et al. (1966) that physicians did not adopt a new drug unless they had professional contact with a colleague who had.
The role that individual physicians play in the professional network can also be examined. Table 4 describes the interactional characteristics of each physician. For example, physician L initiates the majority of professional interactions in which he engages. He also plays a dominant, central role in the patient referral and consultation process. This can also be seen by the relatively central location of physician L in Figure 1 . In contast, physician 0 has the lowest Dominance and Centrality scores in the group and is located on the periphery of the three dimensional space that represents the professional network. This suggests that physician o engages in limited referrals and consultations with colleagues, a fact that is substantiated by the data in Table 1 .
Discussion
Traditional educational efforts to modify clinical practice patterns have been disappointing. Stross & Harlan (1979) surveyed primary care physicians to determine their knowledge of the results of the cooperative trial of photocoagulation in diabetic retinopathy 18 months after publication. Less than one-third of family physicians and one-half of internists were aware of the study results. Eisenberg (1977) reports the failure of an aggressive educational programme designed permanently to reduce the use of the lactic dehydrogenase test among the house staff of a Philadelphia VA hospital. Mayers' (1979) review of the results of a large number of efforts to change physician behaviour by citing peer-based norms concluded that such efforts have been generally ineffective unless personal consultation was involved. Goran (1979) reached a similar conclusion in citing the relative lack of success of Professional Standard Review Organizations (PSROs) in correcting problems that were detected. Thus, the success of attempts to influence physicians' practice behaviour depends upon something more than the transmission of technical details and the availability of information concerning the existence and efficacy of new medical technology. The findings of this study provide important insights into the potential role of professional networks in the diffusion of clinical applications of computers. Theory and research indicate a two-step process whereby certain individuals learn about and try out a new practice and, subsequently, influence others to adopt it. The results of this study support this process. As predicted, physicians who heavily utilized the computerized hospital medical information system in their practice were more involved in outside professional activities as well as being more centrally located in the group's professional network. They had more frequent contacts with other high users of the system. These contacts provide individual physicians with information concerning new and/or more effective ways of using the system. They also expose the physician to the influence of colleagues who actively use the medical information system in their practice.
The findings of this study demonstrate the importance of peer influences both in the introduction of computer technology and in attempts to modify established clinical practices. They might also be utilized to increase the rate at which innovative .clinical applications of computers are adopted and utilized by physicians. The first step is to identify those physicians Who playa dominant, central role in the referral and consultation process. These physicians are highly regarded and frequently consulted by colleagues, and may have an important influence on the practice patterns of other physicians. The network techniques used in the present studyprovide an effective way of determining the role and position of each physician in their professional network.
A second step is to ensure early exposure of physicians who are influential in the professional network to information regarding the efficacy of innovative approaches to clinical medicine. Physicians identified as influential might be encouraged and supported to attend regional and national meetings of medical societies, short courses, and continuing education programmes at which medical computer technology is demonstrated, discussed, and evaluated.
Once these physicians adopt the new approach in their clinical practice, the rate ofadoption by other physicians could be enhanced by ensuring that the early adopters communicate their experience and appraisal of the innovation to their colleagues. This could be done by using physicians who are part of the professional network to provide information, answer questions, and resolve difficulties in implementation rather than by bringing in outside consultants and speakers for this purpose.
The educational process outlined above can be illustrated with the results of this study. For example, the indices shown in Table 4 can be used to identify key physicians whose involvement is essential to the success of educational efforts aimed at increasing HIS utilization among members of the group. Four physicians (I, L, N, and U) have the highest Dominance and Centrality scores in the group. Three of the four are also Senders. These physicians initiate and are directly involved in a high proportion of the patient referrals, consultations, and professional discussions that occur among members of the group practice. The efforts of all four of these physicians could be enlisted in a programme aimed at increasing the clinical utilization of the HIS system among members of the entire group practice.
